SUMMARY Left ventricular systolic time intervals were measured daily during 601 episodes of acute myocardial infarction. The ratio of pre-ejection period to ejection period during the first 24 hours permitted patients to be arranged in six prognostic groups with mortalities while in hospital ranging from 4 to 60 per cent. The only factors completely independent of the systolic time intervals which were shown statistically to be associated with high mortality while in hospital were defects in atrioventricular and intraventricular conduction.
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Various prognostic scoring schemes have been devised for patients who have sustained an acute myocardial infarction. Those of Peel and coworkers,' of Killip and Kimball,2 and of Norris and co-workers3 are still widely used. Items of information which have been derived both subjectively and objectively are often incorporated in such scores. In terms of morbidity and mortality, however, the short-term prognosis is determined almost solely by the extent of the damaged myocardium.4-11 The damaged tissue may contain areas of necrosis, both old and new, plus areas of muscle which, though still viable, contract feebly. showed that the total volume of injured tissue was inversely related to certain measures of the pumping effectiveness of the heart. Indeed, a reliable prognostic score may be derived solely from appropriate measurements of the pumping effectiveness of the heart.'3-2' Ideally, such measurements should be obtainable non-invasively. Systolic time intervals provide a convenient non-invasive method for assessing left ventricular pumping effectiveness.22 As would be expected, therefore, the short-term prognosis of patients with acute myocardial infarction correlates with their systolic time intervals.23-33 Reservations have been expressed, however, concerning the accuracy of the systolic time intervals in measuring the pumping effectiveness of the heart in patients with acute myocardial infarction, and hence of their prognostic significance. [34] [35] [36] [37] [38] [39] [40] The present study is an attempt to refine the techniques of recording and measuring systolic time intervals so that a more reliable prognosis can Received for publication 12 November 1979 be made in patients with acute myocardial infarction, particularly in relation to their mortality while in hospital.
Subjects and methods
Patients admitted to the Leicester Royal Infirmary who fulfilled the World Health Organization criteria4' for a "definite acute myocardial infarction" were studied prospectively. A total of 601 distinct episodes of acute myocardial infarction during 596 separate admissions in 578 persons form the basis of this report. The majority of these people had sought attention in a public accident department on account of retrosternal discomfort, which was still present in 86 per cent on arrival at the hospital. The author visited the wards at least once and usually twice each day to examine every patient suspected on clinical grounds of having an acute myocardial infarction. Inevitably, a few patients were accidentally overlooked and a few died so soon after admission that electrocardiographic and biochemical evidence needed to secure the diagnosis was not obtained. A few patients with a proven acute myocardial infarction died before being seen by the author. The total of all these exclusions is estimated to constitute approximately 2 per cent of the total of acute myocardial infarctions in patients who were alive on arrival at the hospital during the to bedside electrocardiograph oscilloscope monitors for approximately the first three days in hospital. All disturbances of cardiac rhythm recorded electrocardiographically were classified by the author using the criteria of Schamroth.42 Venous blood was analysed for creatine kinase, aspartate aminotransferase, and hydroxybutyrate dehydrogenase on a daily basis for approximately the first three days in hospital. Serum concentrations of creatine kinase and at least one of the other two enzymes were required to be above the upper limit of the locally defined normal range in at least one blood sample to qualify for the World Health Organization description4' of "elevated serum enzymes". Rises in serum creatine kinase were not accepted as evidence of acute myocardial infarction in patients with clinical evidence of recent injury to brain or skeletal muscle, or who had received electrical cardioversion, or who had convulsed in the preceding four days, or who were myxoedematous by biochemical criteria.
Most patients received an oxygen enriched atmosphere to breathe for the first 24 hours. This was delivered via plastic nasal prongs. Initial pain relief was provided with diamorphine administered parenterally. Nausea was relieved as far as possible with the aid of prochlorperazine administered parenterally. Left ventricular failure was treated initially and mainly with frusemide given intravenously, followed later, if required, by frusemide or a thiazide diuretic given orally. Few received digoxin for this purpose. Heparin was administered subcutaneously and prophylactically to an increasing proportion of the patients as the period of this study continued. (98%) showed a value of PEP/EP in excess of 0 33. Most of these patients showed both an abnormally prolonged pre-ejection period and an abnormally shortened ejection period as judged from the heart rate-adjusted values quoted by Weissler.22 In a minority (16%) of this group, however, the high value of PEP/EP was the result of an isolated abnormality in either the numerator or the denominator. The PEP/EP ratio seems to be more reliable than either of its components, therefore, in detecting moderate and severe left ventricular failure. For this reason the ratio was adopted as the routine measure of left ventricular pumping effectiveness in the present study.
The PEP/EP ratio showed a characteristic rise and subsequent fall in most patients during the first few days after the onset of acute myocardial infarction (Fig.) . The extent of the rise in PEP/EP and its timing showed little correlation with survival. In contrast, the magnitude of the first recorded value of PEP/EP was closely correlated with the subsequent mortality in hospital. For the remainder of this report, therefore, patients are arranged in six prognostic groups depending upon their PEP/EP value on day 1 ( Tables 2 and 3 have been constructed with groups 1 and 2 combined on the one hand, and with groups 3 to 6 combined on the other hand. Table 2 shows that diabetes mellitus, myocardial infarction, right bundle-branch block, and third degree atrioventricular block were more frequent among groups 3 to 6 than among groups 1 and 2.
Except in the case of the female sex and third degree atrioventricular block these differences reached an acceptable level of statistical significance. Table 3 shows the impact of these features upon short-term mortality. In contrast to the findings of some previous investigators the presence or absence of diabetes mellitus was associated with no significant difference in mortality. In contrast, a previous myocardial infarction or female sex were both associated with a greater mortality than where these features were absent. The difference in mortality was statistically significant among members of groups 3 to 6 combined but not among members of groups 1 and 2 combined. In the case of atrial fibrillation the position was reversed, with a significantly higher mortality among the fibrillating as opposed to the non-fibrillating members of groups 1 and 2 combined, but not among the members of groups 3 to 6 combined. Patients showing right bundle-branch block or third degree atrioventricular block showed a distinct and consistently higher mortality than was found among those in whom these features were absent. The differences in mortality were statistically highly significant not only for members of groups 1 and 2 combined but also for the members of the other groups combined. Both right bundle-branch block and third degree atrioventricular block constitute, therefore, mortality risk factors which are fully independent of the pumping effectiveness of the left ventricle. Too few patients with third degree atrioventricular block were provided with transvenous right ventricular electrical pacing to permit any conclusions regarding the effectiveness of this treatment in preventing death. Thus, nine patients were paced, of whom five died, whereas there were 12 deaths among the 23 non-paced patients. While in hospital, left bundle-branch block developed in 14 patients, of whom four died. This is a similarly high mortality to that shown by patients with left bundle-branch block on admission (group 6), and it is significantly higher than the overall mortality of patients in this study. Members of groups 3, 4, and 5 combined developed left bundle-branch block while in hospital significantly more frequently than the combined members of groups 1 and 2. This is consistent with the previous observations of Biddle and co-workers.43 
Discussion
The present study indicates that the short-term survival of patients in hospital with acute myocardial infarction may be predicted with considerable accuracy solely from a knowledge of the pumping effectiveness of the left ventricle as judged by the PEP/EP ratio measured on the first day. In general, this confirms the findings of previous workers (see introduction). Weissler22 has pointed out, however, that systolic time interval measurements depend to some extent upon the value of cardiac preload and afterload, both of which represent largely uncontrolled variables in patients with acute myocardial infarction. This source of variability has been invoked as an explanation by several previous workers who failed to obtain acceptable prognostic accuracy from systolic time interval measurements (see introduction). In the present study, however, the prognostic accuracy attained was similar to that derived from measurements of cardiac pumping effectiveness based upon cardiac catheterisation, a technique which permits an allowance to be made for the prevailing conditions of cardiac preload and afterload. In any survey ofa disease it is necessary to consider the extent to which the cases presented are typical of the condition as it exists in the community. An element of selection is inevitable in any study which is hospital-based. Nevertheless, the patients in the present study have been consecutive admissions to a district general hospital, largely via a public accident department. The patients probably represent a wide spectrum of the disease. The converse may apply where a selective admissions policy operates. A feature which should be emphasised in this connection is that the average patient on entry to the present study had already survived the first 12 hours of the disease. During this early phase, particularly the prehospital period, there is a substantial mortality. It would be interesting to know whether these early deaths may be predicted from the measurement of systolic time intervals. This information, however, will be difficult to obtain.
Many of the features of patients with acute myocardial infarction which have been shown by previous investigators to be associated with a poor prognosis have been found to occur more frequently in patients with poor rather than with good left ventricular pumping effectiveness in the present study. The pathophysiological mechanisms which account for these associations are largely unknown and merit further investigation. Prior myocardial infarction or female sex were associated with increased mortality among groups 3 to 6 combined but not among groups 1 and 2 combined. This suggests that the mortality risk associated with these features depends upon the prevailing pumping effectiveness of the left ventricle, but this does not seem to have been noticed previously. Failure to take account of this factor may explain some of the conflicting reports on this subject which have been published. The situation with right bundle-branch block and third degree atrioventricular block was simpler, since both features seemed to constitute statistically significant mortality risk factors which were independent of the level of left ventricular pumping effectiveness. Previous workers have pointed out that these defects in the spread of the cardiac action potential were associated with a high mortality in patients with acute myocardial intarction.44-50 Again, the available evidence does not permit conclusions regarding the pathophysiological mechanisms responsible for the increased mortality. This merits further investigation, as does the question of whether or not electrical pacing or pharmacological interventions would improve the survival of these patients.
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